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What is Altair Embed® Personal

Altair Embed Personal is a special edition of Altair Embed that is available for noncommercial use to anyone
interested in a low-cost solution for programming an extensive range of microprocessors from Arduino®,
AMDG64, Raspberry Pi™, STMicroelectronics®, and Texas Instruments™. Whether you’re preparing for a
proof-of-concept project or developing small applications, Embed Personal provides all the tools and
expertise you will need to succeed. With Embed Personal, you can easily read, write, and analyze data on
your microprocessor, as well as run your algorithms on the hardware and interactively communicate with it
as the code is executing.

Embed Personal offers all the features and capabilities found in Embed Pro; however, it is for personal or
academic use only and comes with a 180-day renewable license. To see what’s included, click here.

Supported hardware

Arduino Leonardo, Mega , Nano, and Uno

AMD64

Raspberry Pi Zero, Zero W, 1A+, 1B+, 2B, 3A+, 3B, 3B+, and 4B

STMicroelectronics STM32° FOx, F103x, F3x, F4x, F7x, GOx, G4x, H7x, L4x, and WBXx series
Texas Instruments ARM Cortex” M3, C2000", Delfino™, MSP430", and Piccolo™
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The Altair Embed product family

The Altair Embed product family includes the Personal, Professional (Pro), and Simulation-Only (SE) editions.

Feature Embed Personal Embed Professional (Pro) Embed Simulation-Only (SE)
180-day renewable license v

Noncommercial use v

Drag-and-drop block diagram v v 4

construction with 120+
standard blocks

Continuous, discrete, and 4 v v
hybrid simulations

Conditional execution of v v v
subsystems

Interactive, batch, auto- v v v

restart, and single-step
execution modes

Fixed, adaptive, and stiff v 4 4
integration algorithms

Visualization with interactive v v 4
plots and stripCharts, 3D
animation, 3D plots, and polar
plots

Analysis and linearization v v 4
with Bode, root locus, and
frequency domain plots

Image processing and pattern 4 4 v
recognition

State Charts block set 4 4 v
Fixed Point block set v v

Digital Motor Control block v v

set

Data I/O with National v v v

Instruments and
Measurement Computing
boards, OPC server, RS 232
devices, UDP, and PCAN USB

devices
Code generation v v
Arduino, AMD64, Raspberry v v

Pi, STMicroelectronics, and
Texas Instruments target

support

Generic MCU target support v v
JTAG communication link v v
Serial communication link v v
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Getting started with Embed Personal

Embed Personal window

Start Embed Personal from your desktop by clicking on the Embed Personal icon.

Altair Embe .1 Build 48 - [Diagram1] = O X

File Edit View System Analyze Blocks State Charts Digital Power Toolbox Examples eDrives OpenVision Embedded Tondow Help - 8 %
De S| RGN £ s O r oy B ol @ e FAEEQRE | * o/ + e D+
[— label m Hg;r e gm | > ¥ < <= = £ N U T | 15 vzof s g FE NSNS

Q--A_nimation A s

animate

animation3D

camera3D

light3D

lineDraw

i mesh3D
. world3D

- Annotati

- Arithmeti

- Audic

- Boolean

- DDE
Extensions
Fixed Point

Integration

Linear System
Matrix Operation
MNonlinear

OPC
Optimization
Random Generator
Real Time

Signal Consumer
Signal Producer
StateTransition
Tirme Delay

Transcendental
Embedded
OpenVision
eDrives ™ v

< > < >
0 Rng 0:10 Step 0.01 TO RK2

A: The Title bar includes the name of the currently open diagram. As you develop diagrams with hierarchy
and drill into the hierarchy, you can look at the title bar to see where you are in the diagram.

E-E

(E2)

@

: The Menu bar contains drop down menus for all commands and blocks. You can customize the menu bar
with your own menu items, commands, and blocks using the Edit > Preferences > Menu Directories
command.

Commands and blocks can also be accessed from the menu browser, toolbar, pop-up menus, and short-
cut keyboard commands. For example, to open a new diagram, you select File > New from the menu, or
you can click the 1 toolbar button.

o

: Customizable Toolbar buttons are shortcuts for commonly used editing, simulation, and debugging
functions.

D: The Block and Diagram browser provides a convenient way to insert blocks into a diagram and navigate
within a multilayer diagram.

E: The Status bar keeps track of the number of blocks in your diagram, along with key simulation
information including the simulation range, step size, elapsed simulation time, and currently selected
integration algorithm.

F: The Work area is where you build your diagrams.
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Standard and target support blocks

In Embed Personal, blocks are your basic design component. You can choose from over 200 standard
mathematical, engineering, and scientific blocks, allowing you to realize system models of any degree of
complexity. These blocks are categorized by function and listed in the Blocks menu.

Embed Personal also provides an extensive set of target support blocks useful for controlling and reading
hardware pins, allowing you to obtain analog and digital data; manipulate devices with digital and PWM
outputs; and interact with devices via 12C, SPI, and UART. These blocks are listed under the Embedded >
target menu.

There are additional block and toolbox libraries that expand Embed’s modeling capabilities for mechanical
and electrical systems, digital power, electric motor drives, image processing, and discrete event systems.
These blocks are listed under the Digital Power, eDrives, OpenVision, and State Charts menus.

Building a simple diagram: Blink the built-in LED on the
Arduino Uno

Like the Hello, World! program, blinking the Arduino Uno’s built-it LED is used to introduce basic
programming concepts. To blink the LED, you can follow the step-by-step directions below or watch a
similar online video.

1. Locate the built-in LED on your Arduino Uno board.

The built-in LED is connected to port B, channel 5, which in turn is connected to digital pin 13 on the
Arduino Uno.

Getting Started with Embed Personal 5


https://www.youtube.com/watch?v=e83h02-mfRY
https://www.youtube.com/watch?v=e83h02-mfRY
https://docs.arduino.cc/retired/boards/arduino-uno-rev3-with-long-pins/

2. Attach the Arduino Uno board to your computer using a USB cable.

[T !

Configuring the diagram for the Arduino Uno
To construct the blink LED diagram, you use an Arduino Config block to set up the diagram for the Arduino.
1. Start Embed Personal.
A new empty diagram named Diagram1 is created.

2. Choose Embedded > Arduino and click Arduino Config.

f Embedded o

Arduine | £ Arduino Config... )

3
Digital /'O b
Extern k
I2C r
PWM 3
Serial Uart ]
Sim 3
SPI 3
About Embedded Target Support...

Getting Started with Embed Personal



The Arduino Properties dialog appears.

rlﬁl.rdul-rlﬂ‘ Properties ﬂ1
CPL: Una -
CPU Speed [MHz): 16 -
kultiple of Crostal Freq: -
Wirtual Comport [COM]:
Arduino Uno [COR4] -
Control Clk Sre: 16 bit timer 1 -
Contral Cll. Prescale: 1 -
Ctrl Clk Count Mode: L] -
Boot Init Code
DLLASD Yersion:

Altair Embed support for Arduing 160 Build 2670

[Eancel] [ Help ]

3. Under Virtual Comport, select the serial port number for your Arduino.

Note: If you don’t know the number, click Start > Control Panel > Device Manager and then scroll
down and click Ports to find it.

File Action View Help

&= |7 HFE &

4 L= NE-PCO3
- M Computer

©

= Disk drives

A Display adapters

: ) DVD/CD-ROM drives
’:b}". Hurman Interface Devices

%5 Imaging devices

= Keyboards

e
——
W W W W

C

--ﬂ Mice and other pointing devices
» . Monitors

I > -} Metwork adapters
47 Ports (COM&LPT)
- 7% Arduino Uno (COM3)

3
"

. ¥ Processors

» -3y Sound, video and game controllers
> 4 Storage controllers

s M Systermn devices

o i Universal Serial Bus controllers

Getting Started with Embed Personal



4. The remaining parameters in the Arduino Properties dialog are already correctly set; just click OK.

The pointer appears with a marquee attached to it.

5. Move the pointer to the work area and click to insert the Arduino Config block.

| Arduino Config: Uno@16MHz |

Inserting blocks

To generate a signal that goes from 0 to 1 and then back again and connect it to the Arduino Uno, you use a
squareWave block and a Digital Output for Arduino block.

1. Under Blocks > Signal Producer, click squareWave.

2. Point to where you want to insert the block in the work area and click.

3. Under Embedded > Arduino > Digital 1/0, click Digital Output for Arduino.
4. Point to where you want to insert the block in the work area and click.

Your diagram will look like this:

[ Arduino Config: Uno@16MHz |

NP> D[ Arduino-PB0 (Arduino ping) |
0:1

Getting Started with Embed Personal



Setting block parameters

The built-in LED is connected to digital pin 13 on the Arduino Uno, which is connected to Port B, channel 5,
as shown in the Arduino Uno pin mapping schematic. To connect to digital pin 13:

1. Right-click the Digital Output for Arduino block.

2. Inthe Arduino Output Channel dialog, do the following:
e Under Port, select PB.
e Under Channel, select 5.

The dialog updates to show the proper connection has been made.

a8 y
Arduino Uno Digital Output Properties @

Channel: & ¥ PB51
0 BitWwWidth: 1

Port: PE ~

Title:

0K J [ Cancel J Help

. =

3. Click OK.

Your diagram will look like this:

[ Arduino Config: Uno@16MHz |

nnp P Arduino-PB5 {Arduino pin13) |
0:1

Connecting blocks

By connecting blocks, you can pass signal values, or data, from one block to another. You connect blocks by
creating a wire between the input and output tabs on the blocks.

1. Point to the output tab on the squareWave block. The pointer turns into an upward pointing arrow
when it is over the tab.

2. Dragthe pointer to the input tab on the Digital Output for Arduino block. When you release the
mouse button, the connection is completed and your diagram will look like this:

[ Arduino Config: Uno@16MHz |

s P Arduino-PB5 (Arduino pin13) |
0:1

3

Getting Started with Embed Personal


https://docs.arduino.cc/retired/boards/arduino-uno-rev3-with-long-pins/

Note: The terms tabs, pins, and connectors are used interchangeably and refer to the input and
output ports on the blocks. The tabs have different colors that indicate the type of data being

passed. The input tab on the Digital Output for Arduino block is green, indicating integer values are

accepted.

Setting simulation parameters

Before starting a simulation, you can set, among other things, the rate at which the diagram runs.

1. Choose System > System Properties.

The System Properties dialog is displayed.

-

System Properties

B .

B

Range | Integration Method | Implicit Solver | Preferences | Defaults|

Start (sec): 0]

Frequency: < 0.1

otz >

I End (sec): 10
[] Run in Real Time I
[C] Auto Restart [7] Retain State I

[ ok |[ camcel || 2opy =

L

2. Inthe Frequency box, enter 0.1 and select Kilohertz; then click OK.

The diagram runs at 100 Hz.

Getting Started with Embed Personal
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Confirming the signal frequency

Although this diagram is very simple, it is good practice to wire a Signal Consumer block, like a plot block,
into your diagram to check that the signals you are producing are what you expect.

1. Under Blocks > Signal Consumers, insert a plot block in the work area.
2. Connect the squareWave block to the plot block.

Your diagram will look like this:

[ Arduino Config: Uno@16MHz= |

I [>| Arduino-PB5 (Arduino pin13} |
01

P - == |
> o
>
B>
[>
[>
> % 0
3 Time (sec)

3. Click * inthe toolbar to start the simulation.

> b o E =]
IR

B 8

b 6

B 41

eI

M % 2 4 & 8 10
b Time (sec)

The plot trace shows that the signal correctly cycles between 0 and 1 at one second intervals.
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Saving your work

At this point, it is a good idea to save your work using either File > Save or File > Save As. You can tell if your
changes have not been saved if there is an asterisk after the diagram name in the title bar.

1. Click File > Save As.

The Save As dialog appears.

Save As =
<« v » ThisPC » 05(C) » Altair » Diagrams v O Search Diagrams y=
Organize « MNew folder SR 4 o

‘ Downloads ~ MName Date modified Type Size

J’! Music

&=/ Pictures

B Videos

iy 05(C)

No iterns match your search.

S81A25CEBT2CD4T24
SWindows.~W5S
SWinREAgent
8530dcebdaach3418c
Altair

Diagrams

Embed201% hd

File name: | BlinkLed "

Save as type: | Diagram Files (*.vsm) ~

» Hide Folders Cancel

2. Navigate to where you want to save your diagram and enter BlinkLed in the File name text box;
then click Save.

Getting Started with Embed Personal 12



Compiling and linking your code
You are now ready to generate code to run on the Arduino Uno.
1. Click Tools > Code Gen.
The Code Gen dialog appears.

Code Generation Properties

Result File: |BlinkLed.c

Result Dir: C:\ARkainEmbed2023_64\cg

Target Arduino P
Subtarget (set in target config): Uno

Optimization Level: Check for Performance Issues

Use selected compound edge pins for data exchange (enables embedded debug)

Embed Maps in Code Add Stack Check Code
[ call from Foreign RTOS/User App On-Chip RAM Only
[Jinclude Block Nesting as Comment Target FLASH
[JEnable Preemption in Main Diagram [JUse Compound Names for Functions
Stack size: 1024 Heap size: 512
Periodic Function Name: cgMain

Quit Code Gen View... Download... Help

This dialog provides, among other things, the following information:

e Result File: The name of the generated C file. By default, Embed Personal uses the name of
your diagram.

e Result Dir: The name of the directory in which the C file will be placed.
C:\Altair\Embed2023\cg is the default directory.

e Target: The target device.

e Subtarget: The CPU that you selected when you configured the diagram.

For this example, you can ignore the other parameters in the dialog.
2. Click Compile.
The following occurs:
e A BlinkLed.C file is generated.

e The target compiler generates a BlinkLed.ELF file (the target executable).

Getting Started with Embed Personal 13



3. To examine the BlinkLed.C file, click View in the Code Gen dialog.

| BlinkLed.c - Notepad - O
File Edit Format View Help
V*** Altair Embed x64 2823.1 Build 48 Automatic C Code Generator ===/

/% Output for C:\Altair\Diagrams‘\BlinklLed.wsm at Fri Jan 26 11:49:41 2824 =/
/* Target: Arduino[Uno] */

#include "math.h”

#include "cgen.h”

void main(void) _ attribute_ ((noreturn));

void dspWaitStandAlone(void) _ attribute_ ((noreturn));
#include "avr/io.h"

#include "avr/interrupt.h”

#include "Arduino.h”

#include "vsmArduinolrapper.h”

extern SIM_STATE *vsmMainTask;
int MHZI=16;

static SIM _STATE tSim={9,0,0
,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0,0,0};
SIM_STATE *vsmMainTask=&tSim;
ISR(TIMER1_CAPT vect)
{
static intlé_t vsm__squareCnt2=8;
intl6_t wvsm_2;
SIM STATE *sim = &tSim;
enable_interrupts();
vsm_2 = (++vsm__squareCnt2 > 58?(wvsm__squareCnt2»=180?vsm__squareCnt2=8,1:1):8);
if ( wsm_2) e
{PORTB |= @x20u;}
else
{PORTB &= BxFFDFu;} I

endOfSampleCount = TCNT1;
¥

void main(wvoid)
{
init(); /* call Arduino timer/ADC init code */
simInit( 8 );
DDRE |= @x26u; /* Config Output Pins (Note: Rest of the pins set as Inputs by default )*/
startSimDsp(&tSim);

TCCR1A = @u;

TCCR1B = (1<< WGM13)|@x2u; /*Enable Timer and PreScaler */
ICR1=8x278Fu;

TIMSK1 |= (lu << ICIE1);

resetInterrupts();

enable_interrupts(); // Global Start Interrupts
dspWaitStandAlone();

The code is separated into three sections:
e A:lIncludes the necessary header files for the code to run on the Arduino Uno.

e B: Sets the target interface to run at the rate specified in the System Properties dialog,
which is 100 Hz, and creates 1 Hz blink (50 counts ON and 50 counts OFF).

e C: Generates interrupts at a 100 Hz rate.

Getting Started with Embed Personal
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Downloading and executing the code on the Arduino Uno
1. To download BlinkLed.ELF to the Arduino Uno, click Download in the Code Gen dialog.
The Download to Arduino dialog appears.
Download to Arduing >

T arget Erecution File:

C:hAlkairhEmbed2023 B4\egsBlinkled. elf

Drowrload directy to FLASH

[ Qut | | Coffinfo.. | | Download | |  Help |

2. Click Download.

The built-in LED on the Arduino Uno starts blinking at one second intervals.

Changing the blink frequency

You can easily change the blink rate by right-clicking the squareWave block and editing the Frequency
parameter.

squareWave Properties

Time Delaylsec): | 0 |

Frequency : |1I3.I |

Label: || |

QK Cancel Help

In this case, the Frequency has been set to 10Hz. After you save the diagram, and re-compile and download
the code to the Arduino, the built-in LED blinks at a more rapid rate.
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Helpful resources

There are dozens of videos and sample diagrams that demonstrate basic and advanced operations you can
perform on your hardware. There is also an online Embed Forum where you can ask questions, get answers,
and promote conversations among other users and Embed developers and application engineers.

Videos

The Altair YouTube Video center includes a series of short videos that introduce key concepts that are
useful when programming your hardware.

Sample diagrams

Sample diagrams are included in Embed Personal that supplement the online videos. To open and run these
diagrams, go to Examples > Embedded, then click on the microprocessor you're interested in to see the
corresponding sample diagrams.

Where to go from here

If you're interested in stepping up to Embed Pro for commercial projects, contact Altair sales.
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